Tailoring the Properties and Catalytic Activities of Ni/SBA-15 via Different TEOS/P123 Mass Ratios for CO2 Reforming of CH4 by Syahida Nasuha, Bukhari et al.
Contents lists available at ScienceDirect
Journal of Environmental Chemical Engineering
journal homepage: www.elsevier.com/locate/jece
Tailoring the properties and catalytic activities of Ni/SBA-15 via diﬀerent
TEOS/P123 mass ratios for CO2 reforming of CH4
S.N. Bukharia, C.Y. China, H.D. Setiabudia,⁎, Dai-Viet N. Voa,b
a Faculty of Chemical and Natural Resources Engineering, Universiti Malaysia Pahang, 26300, Gambang, Kuantan, Pahang, Malaysia
b Centre of Excellence for Advanced Research in Fluid Flow, Universiti Malaysia Pahang, 26300, Gambang, Kuantan, Pahang, Malaysia
A R T I C L E I N F O
Keywords:
Ni/SBA-15
CH4 dry reforming
TEOS/P123
CO2 conversion
Metal dispersion
A B S T R A C T
The inﬂuences of tetraethylorthosilicate/triblockcopolymer (TEOS/P123) mass ratios on the properties and
catalytic activity of Ni/SBA-15 towards CO2 reforming of CH4 were studied. A series of samples with diﬀerent
mass ratios of TEOS/P123 (1.5, 2.21 and 3.0) were prepared and characterized by XRD, BET, SEM, TEM, FTIR
and UV–vis DRS. The characterization results clearly indicated that TEOS/P123 mass ratio of 2.21 was the
optimal synthesis ratio of Ni/SBA-15 which produces the well-ordered hexagonal mesoporous structure with the
highest Ni-support interaction. The catalytically favorable textural properties of Ni/SBA-15(R2.21) enhanced the
dispersion of metal particles, improved the catalyst activity, increased the catalyst stability and reduced the
carbon deposition. The conversion of CH4 and CO2 over Ni/SBA-15(R2.21) were about 89% and 88%, respec-
tively and H2/CO ratio of 1.02. This study provides new perspectives on the Ni-based catalyst, particularly on the
inﬂuence of TEOS/P123 mass ratio on the properties and catalytic activity of Ni/SBA-15 towards CO2 reforming
of CH4.
1. Introduction
The recycling of carbon dioxide (CO2) has become an important
topic in recent years. As CO2 is one of the main contributors to green-
house eﬀect and hence causes global climax change, there is a growing
interest in its use as a feedstock in chemical processes [1–3]. There are
several ways of adding value of CO2, one of which is conversion of CO2
to syngas (mixture of H2 and CO). The CO2 reforming of methane re-
action is an important process of fundamental academic interest with
potential commercial application owing to its strong advantage of
producing a clean CO and H2 mixture in low equimolar ratio (1:1)
which is preferred for the production of liquid hydrocarbon through
Fischer-Tropsch synthesis [4,5]. Moreover, this process oﬀers an addi-
tional environmental beneﬁt by simultaneous utilization and reduction
of two greenhouse gases (CH4 and CO2) into syngas.
The CO2 reforming of methane reaction can be carried out using
various types of metals and supports which will provide diﬀerent ex-
pected outcomes. It has been reported that incorporation of noble
metals such as Rh, Ru, Pt or Pd with supported catalysts are catalyti-
cally active towards CO2 reforming of CH4 [4,6]. However, owing to the
economic and availability constraint, the substitution of noble metals
by transition ones, especially Ni is nowadays attractive as it exhibits
high catalytic activity, readily available and cost eﬀective [5,7,8].
Several materials have been used as support for Ni-based catalysts in-
cluding metal oxides [5,7,9], zeolites [10] and siliceous materials
[11,12]. Since 1990, ordered mesoporous silica materials have at-
tracted intense interest because of their large surface areas, thermal
stability, potentiality of functionalization and tuning pore size [13,14].
In 1998, Zhao et al. [15] successfully synthesized mesoporous silica
SBA-15 (Santa Barbara Amorphous) under acidic condition using a
nonionic surfactant (Pluronic 123, P123) as template and tetraethyl
orthosilicate (TEOS) as silica source. SBA-15 has attracted great at-
tention in catalysis ﬁeld owing to its high surface areas (600–1000 m2/
g), hexagonal arrays of uniform tubular channels with tunable pore
diameters (5–30 nm) and high thermal stability due to the thicker pore
walls (3–6 nm) [16]. Moreover, the abundant surface silanol groups and
mesostructured properties make SBA-15 a good candidate for im-
mobilizing transition metal precursors inside the pores of the support
[17]. In general, the preparation of SBA-15 includes four main steps: (1)
synthesis of silica-organic polymer nanocomposite using silica source
and amphiphilic triblock copolymers as structure-directing agent
(template), (2) aging the composite at elevated temperature, (3) ﬁl-
tration (and optionally washing) the obtained solid and (4) removing
copolymer by extraction and/or calcination [18]. Previously, several
research groups studied several factors that inﬂuenced the structural
properties of SBA-15 including silica source [19,20], pH of mixture
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